Lung compliance was studied pre-operatively and post-operatively in a group of patients having abdominal surgery. Lung compliance was shown to be markedly reduced post-operCltively especially in the patients with chronic bronchitis.
INTRODUCTION
Although it is generally stated that there is a reduction in pulmonary compliance after major abdominal surgery, few investigations have been reported in the literature. This is an important area of study as changes in pulmonary mechanical function are associated with an increased work of breathing and a disturbance in the relationship of ventilation to perfusion, resulting in arterial hypoxaemia. For these reasons, lung compliance has been studied in a group of patients undergoing major non-urgent abdominal surgery.
METHODS
Twenty patients aged between 47 and 78 years (mean age 60 ·5) undergoing non urgent major abdominal surgery were examined before operation and on the first post-operative day. Oesophageal pressure was measured by drawing the patient's nasogastric tube up into the oesophagus until it was a distance of 45 cm from the nostril (Nisell and Ehrner 1958) filling it with saline (Ambiviagar and Roberts 1966) and connecting it to a Statham p23 D.B. transducer and Galileo 2 channel recorder containing a carrier wave amplifier. Simultaneous recording of respiratory tidal volume was accomplished using either a wet spirometer to the wheel of which was attached a potentiometer which varied the resistance in the circuit of a mercury cell, or a wedge spirometer (Med-Science) ( Figure 1 ). These devices formed the input of the other channel of the recorder via a Galileo direct current amplifier.
The patients were instructed to breathe as normally as possible until about a dozen satisfactory respiratory cycles were completed. The pulmonary compliance was measured by averaging the volume change and the oesophageal pressure change between the inspiratory and expiratory pause of these respiratory cycles and dividing the former by the latter (Comroe et al. 1962 , Nunn 1967 . In order to reduce the influencp of postural changes, all measurements were made with the patients supported at an angle of 60°. Figure 2 shows the preoperative and postoperative curves ohtained from one of the patients. RESULTS The results of this investigation are shown in Table 1 and summarized in Table 2 . There was a marked reduction in compliance postoperatively and this was most marked in those patients known to have chronic bronchitis. Lewis and Welch (1965) and Okinaka (1965) have shown that lung compliance is decreased after major abdominal surgery and the above results agree with this finding, showing a highly statistically significant difference between preand post-operative pulmonary compliances. A major cause of this alteration in pulmonary mechanical function is probably a reduction in lung volume. It has been known for many years that lung volumes are reduced postoperatively (Churchill and 1933). In 1957 Anscombe showed that functional residual capacity was reduced after major upper abdominal surgery and subsequent work has shown the importance of this observation (Alexander et al. 1973) . Due to the effect of gravity, pleural pressure IS considerably higher in the dependent parts of the thorax and near residual volume, pleural pressure may become positive (i.e. exceed atmospheric pressure) in these regions during exhalation (West 1970) . Accompanying this alteration in pleural pressure, small airways in TABLE 2 .
Pre-operative Post-operative Significance (:'\Iean±S.D.) (Mean±S.D.)
Chronic bronchitis absent the dependent regions of the lung may close when breathing is performed at low lung volumes. In the young adult, airway closure {)ccurs near residual volume but with increasing age closing volume approaches or exceeds functional residual capacity. This occurs because lung elastic recoil diminishes in the elderly and consequently pleural pressures are higher at any given lung volume (Stanescu et al. 1968 , Holland et al. 1968 , Bates et al. 1971 , Collins 1973 ). Thus a surgical procedure which reduces functional residual capacity in an elderly person will result in closure of small airways in the dependent parts of the lungs during tidal breathing and for this reason the elderly are particularly vulnerable to the respiratory complications of major abdominal surgery (Anthonisen et al. 1969 , Edelman et al. 1968 . Lung compliance will be reduced under these circumstances as, when pleural pressure becomes positive, little or no further change in lung volume can occur due to pulmonary compression (West 1970) . In addition, when airways close in this manner, compliance becomes frequency dependent, i.e. it is lower at high respiratory rates (Woolcock et al. 1969) . Presumably there are all gradations between complete closure during the whole tidal volume resulting in Anaesthesia and Intensive Care, Vol. V, No. 2, May, 1977 micro-atelectasis and closure only at the very end of exhalation, depending on the de~ ree of reduction in the functional residual capacity and the change, if any, in the closing volume which may occur after major surgery (Burger and Macklem 1968) .
The causes of this post-operative reduction in functional residual capacity include recumbency (Craig et al. 1971) , possibly replacement of the gaseous scaffolding of nitrogen with the soluble and diffusible anaesthetic gas nitrous oxide (Burger and Macklem 1968) , injury to the thoraco-abdominal respiratory cage with spasm of the diaphragm and the incised and retracted abdominal muscles, abdominal distension due to post-operative ileus and possibly an increase in central blood volume.
The functional residual capacity represents an equilibrium between the inward acting elastic recoil of the lungs and the outward acting recoil of the thoracic cage. Injury to the latter results in the equilibrium being set at a lower volume and this disturbance is especially severe in the very obese (Vaughan et al. 1974 ) because the outward elastic recoil of the thoracic cage is markedly reduced in this condition. Shoemaker et al. (1967 Shoemaker et al. ( , 1971 ) have shown that central blood volume may be increased following major surgery and the possible causes of this include recumbency which results in almost a 30 % increase in thoracic blood volume (Weissler et al. 1969) , systemic vasoconstriction (Webb-Peploe and Shepherd 1968), decreased myocardial contractility due to pre-existing cardiac disease and the cardiac depressant effect of anaesthetic drugs (Ahern and Gray 1967) and fluid overload.
The patients with chronic bronchitis showed a wide scatter of pre-operative compliance values which were not statistically significantly different from those of the non-bronchi tics. This is to be expected as those with co-existing emphysema have a low elastic recoil and therefore a high compliance while many bronchitics with chronically inflamed and sometimes oedematous and fibrosed lungs may have poor lung compliance (Filley 1967) . However the bronchitic patients has a statistically significantly lower post-operative lung compliance. This is to be expected as their narrowed airways would be more prone to obstruction by secretions, and, in addition, would be expected to be subject to premature closure when functional residual capacity was reduced in the post-operative period.
